Although laser refractive corneal surgery (including LASIK and laser-assisted subepithelial keratectomy [LASEK] ) has been the popular and effective means to correct myopia, 1 re-treatment is still a relatively common complication. 2 Survival analysis has been widely used in medical research to study the time to the occurrence of specified events. 3 We conducted a retrospective analysis of laser refractive corneal surgery (including LASIK and LASEK) to evaluate the risk factors for re-treatment using survival analysis for long-term results.
The records of all patients who underwent laser refractive corneal surgery at Myungdong St. Mary's Eye Center, Seoul, Korea, from 1999 to 2008 were reviewed retrospectively. Inclusion criteria for LASIK were spherical equivalent less than -6 diopters (D), age older than 18 years, corrected distance visual acuity better than 20/25, predicted stromal bed after laser ablation greater than 250 µm, and topographic evidence of a normal cornea. All procedures were performed by the same experienced surgeon (DHK). Primary LASIK was performed using a standard technique and a corneal flap (160 µm) with a superior base was cut using a Hansatome microkeratome (Bausch & Lomb, Rochester, NY). During LASEK, a 20% alcohol solution was placed inside the 8.5-mm well for 30 seconds. The VISX Stars 2 and 4 (VISX, Santa Clara, CA) and Technolas 217c and 217z (Bausch & Lomb) laser systems were used. The targeted refraction was emmetropia in all eyes. Patients were seen on the first postoperative day, monthly for 6 months, and then annually. Retreatment was performed in patients who had residual refractive errors of -1.00 D or better and complained of subjective symptoms. All patients had at least two successive refractions at 1-month intervals before re-treatment to ensure stable refraction. LASIK was performed when the estimated residual stromal tissue after laser ablation was 250 µm or greater. Corneal topography was performed to exclude ectasia. Asymmetric bow-tie in axial curvature map, asymmetry between the eyes, progressive ectasia for 6 months, thin corneal thickness less than 460 µm, and abnormal posterior corneal changes were excluded. All re-treatments in patients undergoing LASIK were accomplished by lifting the previously cut flap. All re-treatments in patients receiving LASEK were performed using the same technique as the primary LASEK procedure. Data were collected and analyzed using SPSS 12.0 (SPSS, Inc., Chicago, IL).
The mean age of the patients at the time of surgery was 28.4 ± 6.3 years (Table A) . The eyes of 2,137 men and 7,164 women were included. The mean spherical equivalent was -2.99 ± 1.44 D. The spherical equivalent of the men (-2.98 ± 1.51 D) was not different from that of the women (-2.98 ± 1.42 D, t test). The spherical equivalent was lower in the LASIK group (-2.94 ± 1.39 D) compared to the LASEK group (-3.68 ± 1.61 D; P < .001, t test). There was no relationship between the surgical procedure and gender or laser type. The spherical equivalent was not different between the two laser systems at 1 month after the initial procedure (P = .989, t test).
One hundred thirty-six (1.5%) patients underwent re-treatment (Table A) . Four patients were excluded from re-treatment because the predicted stromal bed thickness was insufficient. The mean follow-up period was 74.6 ± 28.9 months. The period from the day of surgery to the last day of follow-up was included in analysis of survival analysis. Kaplan-Meier survival analysis demonstrated that the rate of re-treatment was higher in the Technolas group (especially for the 217z laser) compared to the VISX group (P < .001) ( Figure  A , available in the online version of this article), in the high myopia group (> -6 D) compared to the low myopia group (P < .001) (Figure A) , in the LASEK group compared to the LASIK group (P = .006) (Figure A) , and in males compared to females (P = .046) ( Figure  A) . Cox regression analysis showed that the rates of re-treatment were higher in the Technolas and high myopia groups (P < .01 for the 217c and 217z systems, and < .001 for high myopia), but not in males and the LASEK group.
At the time of re-treatments, actual corneal thickness (457.75 ± 29.91 µm) was thicker compared to the predicted corneal thickness (436.79 ± 28.10 µm; P < .001). Immediately after re-treatments, the spherical equivalent of the LASEK group was not different compared to the LASIK group. The spherical equivalent of the Technolas group was better compared to the VISX group (P < .001, t test). Three months after retreatment, the spherical equivalent of the LASIK group (-0.54 ± 0.63 D) was closer to target compared to the LASEK group (-1.05 ± 0.51 D; P = .001), and was better in the Technolas group (-0.48 ± 0.52 D) compared to the VISX group (-1.10 ± 0.72 D; P < .001).
The ratio of re-treatment was lower compared to previous studies. 1, 2 The reason for this might be that our inclusion criteria for re-treatments were strict. Kaplan-Meier survival analysis demonstrated that the rate of re-treatment was higher for the Technolas group compared to the VISX group. This difference could be due to initial undercorrection. However, the spherical
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1,2 High refractive errors necessitate deeper ablations and larger treatment zones to minimize postoperative optical aberrations, which have been known to be correlated with myopic regression.
1,2 LASEK and gender were risk factors revealed by Mantel-Cox log rank test, but not by Cox regression analysis, perhaps because the preoperative spherical equivalent in the LASIK group was lower compared to the LASEK group. There may also be confounding factors, such as refractive errors or personality. Further study is necessary to investigate the difference between males and females.
Actual corneal thickness at the time of re-treatment was thicker than the predicted corneal thickness. These changes may result from corneal stromal wound healing, 4, 5 which may contribute to corneal epithelial remodeling. Re-treatment was effective and the LASIK and Technolas groups showed better results.
Higher spherical equivalent and type of excimer laser platforms were found to be predictors of retreatment after laser refractive corneal surgery. Retreatment was safe and effective for treating undercorrection and regression. 
